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Abstract 
Patients with diabetes can benefit from insulin pump therapy, when they can easily set up the 
basal and bolus to keep their blood glucose in a normal range. Insulin pump therapy simulates a 
normal functioning pancreas. After studying two insulin pump systems: Medtronic Minimed 
Insulin Pump System and OmniPod Insulin Pump System, it is obvious that both pumps are 
difficult to carry and monitor, ignoring the patients’ user experience. On the other hand, fitness 
and wellness monitoring devices, similar to the insulin pump monitor, can be worn on the body to 
continuously track the patient’s health. These fitness and wellness devices are popular and 
designed to be not only aesthetically pleasing but also have an interactive interface to help the 
patient monitor his health. In order to find out the attributes of fitness and wellness monitoring 
systems, some wearable device design principles are found from reviewing two fitness band 
systems: Jawbone and Fitbit. By combining the principles and studies, the insights and fitness 
band system model are built. Simplify the two insulin pump systems into two system models and 
apply the fitness band system model into insulin pump system to generate an optimized insulin 
pump system model. According to this new insulin pump model, the wristband and smartphone 
interface are designed. And this phone interface is used for user test to find the feedback from 
patients. 
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Chapter-1. Insulin Pump System 
1.1.  Blood glucose balance 
Before understanding what diabetes is, the first thing we need to know is how the human body 
controls their blood glucose.  
 
Diabetes mellitus is classed as a metabolism disorder. Metabolism refers to the way our bodies 
use digested food for energy and growth. Most of what we eat is broken down into glucose. 
Glucose is a form of sugar in the blood, and it is the principal source of fuel for our bodies. 
 
As the diagram in Figure-1 shows, the upper part of the circle is the process of how a human 
body reduces the blood glucose. While the blood glucose level increases, the pancreas is 
stimulated and releases insulin. Insulin influences the reduction in two ways: first the insulin 
stimulates the glucose transfer to glycogen in the liver; second, insulin stimulates the glucose 
intake by cells. From these ways, blood glucose could be reduced to a normal level. 
 
In the lower part of the circle, we can see the process of how a human body helps to increase the 
blood glucose. While the blood glucose decreases, the pancreas releases the glucagon, which 
can stimulate the liver to breakdown the glycogen to glucose. In this case, the blood glucose 
increases to the normal level. 
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Figure-1. Blood Glucose Balance 
1.2.  What is diabetes 
Diabetes is a term widely known and is simplified from the term Diabetes Mellitus (DM). It is a 
group of metabolic diseases in which a person has a long-term condition of high blood sugar 
levels. Untreated diabetes can cause many complications, such as diabetic ketoacidosis (lack of 
insulin causes increasing acidic ketone bodies), and nonketotic hyperosmolar coma (higher 
glucose concentration in the blood than cells causes the water osmosis from cell to the vessel 
and makes people dehydrated). Serious long-term complications from diabetes include heart 
disease, stroke, kidney failure, foot ulcers and damage to the eyes. 
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In general, diabetes is due to either the pancreas not producing enough insulin, or body cells not 
responding properly to insulin produced. There are two main types of diabetes mellitus: 
Type-1: The body does not produce insulin. Some people may refer to this type as 
insulin-dependent diabetes, juvenile diabetes, or early-onset diabetes. People usually develop 
Type-1 diabetes before their 40th year, often in early adulthood or teenage years. 
Type-2: The body does not produce enough insulin for proper function, or the cells in the body 
do not react to insulin (insulin resistance). 
 
1.3.  Insulin pump therapy 
According to the situation above, an insulin pump is a method that helps patients deliver insulin 
closer to the way the human pancreas delivers insulin than any other method of treating 
diabetes. 
  
All people, with or without diabetes, need background insulin for normal functions of the body 
without food. They also need a dose of insulin on demand when food is consumed. People 
without diabetes can trust that their pancreas will produce enough insulin for them. People with 
diabetes need to take insulin in a way that is most like the way a pancreas produces it. 
  
Basal Rate: It is background insulin being delivered all throughout the day and night with a 
regular rate for normal body functions without food. 
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Bolus: It is a dose of insulin on demand. When patients eat, they can increase or decrease the 
meal bolus based on the foods they choose to eat. A bolus may also be used to lower an 
elevated BG. This is called a correction bolus. 
 
1.4.  Current insulin pump system study 
In this part, two insulin pump systems are introduced and analyzed: The Medtronic insulin pump 
system, and OmniPod insulin pump system. In each introduction, the first part is an overview of 
the insulin pump system, including a system map illustrating the components in the system and 
how these components are cooperating and interacting with each other. In the second part, a 
patient storyboard is built based on the real patient’s personal experience. 
 
1.4.1.  Medtronic Minimed insulin pump monitoring system 
1.4.1.1.  System overview 
The Medtronic Minimed insulin pump monitoring system is a system that helps diabetes patients 
calculate and deliver the right dose of insulin into their body. It also contains the CGM 
(continuous glucose monitoring) that helps patients track and monitor their real-time blood 
glucose and insulin delivery. In the Medtronic Minimed insulin pump monitoring system, there are 
five main components: user, blood glucose sensor (BG sensor), insulin pump and monitor set 
(pump monitor), blood glucose meter (BG meter), and computer.  
	   5	  
 
Figure-2. Medtronic Insulin Pump Monitoring System 
Figure-2 is an illustration of the Medtronic Minimed insulin pump monitoring system, which is 
presenting the whole components in this insulin pump system and how these components are 
cooperating and interacting with each other. 
 
The user at the center of this system is a diabetic patient. The diabetic patient is carrying the 
pump and the sensor on his/her body. The patient interacts with all of the components in the 
insulin pump system to manage and monitor his/her disease.  
 
The sensor is shown as a green circle on the lower right corner of the system. It is attached to the 
patient’s body and there is a tiny needle inserted into the patient’s skin for detecting the real-time 
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patient’s blood glucose value. Then the sensor can talk with the pump monitor wirelessly, 
sending the real-time blood glucose value to the pump monitor. In this case, the pump monitor 
could record these data for patient to monitor. The sensor is the basic component in the CGM, 
collecting the blood glucose information and sending it to the pump monitor. 
 
The pump monitor is playing a very important role in this insulin pump system. It has two 
functions: a center monitor and a pump. As a center monitor, first, the pump receives the 
real-time glucose information from the sensor wirelessly. Also, when the patient is testing blood 
glucose by using the BG meter, the pump receives the blood glucose value from the BG meter 
and uses this information for calculating the appropriate amount of insulin for delivery. Second, 
the pump monitor works as a storage unit that can record all of the patient’s information, such as 
blood glucose history, every bolus and basal delivery, and also the carbohydrate (carbs) intake 
from food. The patient can read this information from the pump monitor and manage their insulin 
pump therapy. The interface of the pump monitor is a small black and white LCD screen with a 
deep structural engineering menu. The patients can receive the information and setting through 
this screen. After the patient plugs the BG meter into the computer through a USB, the pump will 
send all of the stored information to the computer through the BG meter in order to upload the 
information into the cloud. 
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The pump contains a reservoir with specific units of insulin inside and is connected with an 
infusion set via a tube. In this way, it can deliver insulin into the patient’s body. The pump 
continually delivers consistent background insulin called basal to the patient. Every time before a 
meal, the patient needs to set up the bolus through the pump to counteract the carbs from the 
food they are going to consume. 
 
The BG meter (blood glucose meter) is the necessary component for every diabetes patient to 
get the most accurate blood glucose level. The diabetes patient has to carry the BG meter every 
day to repeatedly test their blood glucose, even though they are wearing the sensor on their body. 
In the insulin pump system, the BG meter is not only measuring the blood glucose from a finger 
test, but also sending this information to the pump wirelessly via Bluetooth. Also in this system, 
the BG meter works as a transmitter as well. After the patient plugs the BG meter into the 
computer via a USB, the BG meter will receive data from the pump and upload the data to the 
cloud (CareLink) through the computer. 
 
In this system, the computer and the cloud give the patient an option to upload the information to 
a website named CareLink. The patient can upload, store, and check their information on the 
website. It is easier and clearer to see the whole pattern, trends of their activities and blood 
glucose variation by day, week, or month. From the CareLink, doctors, developers, and people or 
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agencies who are authorized to access the account can use this information from the cloud for 
further study and research. 
 
1.4.1.2.  Storyboard 
 
Figure-3. User Storyboard 
In order to better understand the user experience when they are using this insulin pump system, 
an interview was done with a diabetes patient. Figure-3 is a storyboard according to a real 
diabetes patient using the Medtronic insulin pump system to monitor his blood glucose. 
 
The patient is a 58-year-old man who is a professor at college. He is experiencing type-2 
diabetes, and he is using the Medtronic insulin pump monitor system to control his blood glucose. 
In this system, he has to carry the insulin pump with an infusion set inserted into his skin for 
insulin delivery and monitoring. Additionally, he has to carry the blood glucose test set in his bag, 
which includes the BG meter, test sticks, and needle. 
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In this patient’s experience of using this insulin pump, the most frequent task is checking the 
status and setting the insulin delivery. The patient has to use the pump for monitoring his glucose 
levels many times throughout the day. He has to control everything on this small device by 
clicking different buttons, which have different functions. He also can only receive the information 
from the pump by staring at the tiny black and white LCD screen. As a middle-aged man, this 
patient has difficulty reading the information on this tiny screen clearly. It is also difficult for him to 
learn how to control this device. In one day, the patient has to check his blood glucose every time 
he wakes up, before meals, and before sleep. Therefore, checking the status and delivering 
insulin are the main tasks of the patient. 
 
When the patient is using the insulin pump, he still experiences some problems. First, the pump 
connects to the infusion set that is attached to the patient’s belly by a tube. The tube comes from 
his belly, making the monitoring inconvenient and somewhat inaccessible. The tube also may get 
caught on the handle of the door or the corner of the desk, which burdens the patient in their 
daily life. 
 
Second, the pump system alerts the patient with a vibration and a beeping sound, which is very 
annoying and inconvenient in public places. Also, the pump cannot be worn when the patient is 
naked. For example, when he is taking a shower or swimming, he must release the pump from 
	   10	  
the infusion set and take the pump off. In this situation, he would miss the background insulin 
delivery for a couple of minutes, which might cause an increase in the patient’s blood glucose 
level. 
 
In general, the patient has to have a couple of training sessions to learn how to control the 
devices and monitor his blood glucose. He also has to be trained to read the complicated 
diagram on the pump. Even though the pump provides many benefits for the patient to monitor 
his diabetes, it still poses problems for some users. 
 
1.4.2.  OmniPod insulin pump system 
1.4.2.1.  System overview 
The OmniPod insulin pump system is another system that helps patients deliver insulin and 
monitor their blood glucose. The OmniPod system is slightly different from the Medtronic insulin 
pump system. Unlike the Medtronic insulin pump system, the OmniPod system does not contain 
the CGM. In this case, patients have to carry an extra CGM system in order to have continuous 
blood glucose monitoring. Therefore	  the	  OmniPod	  insulin	  pump	  system	  has	  two	  sub-­‐sytems:	  the	  CGM	  system	  includes	  sensor	  and	  BGM;	  the	  insulin	  pump	  system	  includes	  pump,	  PDM,	  and	  computer.  
 
	   11	  
 
Figure-4. OmniPod Insulin Pump Monitoring System 
Figure-4 is the illustration of the OmniPod insulin pump system, in which the lower right part of 
the map is the CGM system including sensor, CGM monitor, and user. Similar to the Medtronic 
insulin pump system and the regular CGM system, the sensor is attached on the patient’s body 
and tracks the patient’s glucose level. The sensor can also sync with the CGM monitor, sending 
the patient’s blood glucose information. The CGM receives the information from the sensor and 
visualizes this information for patients to track and monitor their blood glucose. 
 
The main OmniPod system on the left contains pod, PDM, computer, and user. The pod (shown 
in Figure-5) works only as a pump for insulin delivery. The pod is a tubeless pump that can be 
attached to the patient’s body. Figure-6 is an image showing the inside structure of the pod. The 
pod contains a reservoir for insulin storage and a small needle like cannula that can be inserted 
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into the patient’s skin to deliver insulin. The pod is following the commands from the PDM to 
deliver specified insulin. 
 
 Figure-5. OmniPod Pump             Figure-6. OmniPod Inside Structure                      Figure-7. PDM 
The PDM as Figure-7 shows in this system plays a very important role as a central monitor. First, 
it allows the patient to set up specific insulin for delivering, such as basal and bolus. Then it 
sends these commands wirelessly to the pod to execute the insulin delivery. The PDM also 
contains the function of the BG meter, making it unnecessary for the patient to carry an extra BG 
meter with them, since the target insulin delivery is calculated according to the patient’s current 
blood glucose level and the carbs in the food they are going to consume. Therefore, this 
integrated BG meter could help the patient calculate the target insulin delivery from their blood 
test directly. Also the PDM could help the patient record the history of their blood test, carbs 
ingestion, and insulin delivery. 
 
The interface of the PDM consists of a color LCD screen and physical keyboard for basic control, 
which includes two soft keys, a Home/Power button, the UP/Down controller, and an 
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Info/Support button (shown in Figure-8). Even though the display of the PDM is larger than 
Medtronic Insulin pump monitor, the PDM software interface provides the same experience as 
the Medtronic one. The interface of PDM starts from the Home page, which is also a main menu 
from which the user can set up everything. For example, the user can set up the bolus very 
quickly from the first option on the main menu and go through the bolus setting pages. Or the 
user can select HISTORY to monitor their insulin delivery, blood glucose test history or the carbs 
intake history. In general, the PDM gives the patient a bigger screen in which options are easy to 
select and the information is easy to obtain. However, the bigger screen still shows the 
information in black and white, which can be difficult to navigate and understand. 
 
The OmniPod PDM contains a USB port for the user to connect the PDM to the computer to 
upload the information. This way, the patient can review the more detailed and clear information 
from the computer screen. 
 
The patient only needs to interact with the PDM to get information, send commands, and test 
their blood glucose. Therefore the OmniPod system is a more simplified system in which the user 
only manages the PDM. Unlike the Medtronic system, the patient does not need to take out the 
insulin pump for operating, so the tubeless pump gives more flexibility and is more convenient for 
the diabetic patient. 
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1.4.2.2.  Storyboard 
 
Figure-8. User Storyboard-2 
The OmniPod insulin pump system user storyboard, Figure-8 was built based on an interview 
with a Type-1 diabetes patient. The patient is a college girl who has been diagnosed with 
diabetes three years ago. She used to use the Medtronic Insulin Pump system, but because of 
its inconvenience when she exercises, she switched to the tubeless OmniPod insulin pump 
system that easily attaches to her body. From her experience, she prefers the tubeless pump 
because she has more flexibility, especially when she is working out or swimming. However 
unlike the Medtronic Insulin Pump system, the OmniPod system does not contain the CGM, so 
she has to carry an extra CGM system for continuous glucose monitoring. In this patient’s daily 
life, she has to carry four items: the pump, the CGM for monitoring her glucose, the PDM to 
control the pump, and blood glucose test kits including needle, backup meter, and test strips. For 
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the CGM system, the CGM monitor has to connect with the sensor. However, because the 
monitor is inconvenient to be worn, when the patient is working out or out of range of the CGM 
signal, the CGM could not record the data during that time. The patient depends on the CGM to 
continuously monitor her blood glucose trend and check her food intake and exercise and how it 
influences her blood glucose. And she needs this information for her doctors to help her build 
better therapy. 
 
In her daily life, she has to test her blood glucose every morning, and check the CGM to see the 
blood glucose change during the night. Sometimes it is high, so she has to give a correct amount 
of bolus to bring her blood glucose back to normal range. She has to keep checking the CGM to 
make sure the bolus works well, because sometimes the bolus is too much, making the blood 
glucose too low, or sometimes the bolus is not enough for her. She has to test her blood glucose 
at least four times every day: before each meal and before going to bed. The patient has to keep 
her eyes on the CGM, because she usually has class at noon and only eats a little, which makes 
her blood glucose very low between 2 and 4 p.m. The PDM does not provide a food library so the 
patient has to guess the amount of carbs in the food she is going to eat. This makes the insulin 
delivery not exact.  
 
Her pump contains 200 units of insulin, so the patient must change the actual pump every three 
days. The pump in the OmniPod system cannot be refilled, so she has to deactivate the pump 
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and throw it away. Then she must fill up a new pod with insulin and connect it with the PDM. In 
her insulin pump therapy, the functions she mostly uses are monitoring the blood glucose trend 
on the CGM, test blood glucose on the meter, and setting up a bolus. 
 
1.5. Findings from the current insulin pump system 
From studying the Medtronic insulin pump system, it is clear that the system is a very integrated 
and connected system. All the devices in the system connect with each other seamlessly, 
making the information easily transferable from one to another. However，from the user research, 
the Medtronic system still poses some problems: 
 
1. Unwearable: The pump should connect to the infusion set, which is attached to the user’s 
body for insulin delivery. In this case, there is a tube to connect the pump and infusion set. 
Additionally, the pump is integrated with the monitor, so the user cannot live without the pump. 
From the interview, even though there are some kits for carrying the pump, the user feels more 
comfortable keeping the pump monitor in his pants pocket. Also the user does not know how to 
carry the pump when he is exercising, taking a shower, or swimming. In those situations, he has 
to take the pump off and put it somewhere else. 
 
2. Annoyance: Because the tube is difficult to be hidden underneath clothes or in a pocket, it is 
inconvenient and sometimes gets tangled with a keychain, door handle or the corner of a piece 
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of furniture. Also, the pump always alerts the patient with a vibration and a beeping sound, which 
can be annoying in public places and make the patient feel embarrassed. 
 
3. Unreadable: Older patients may have difficulty reading the information on the small black and 
white screen. The users need to be able to read the information, such as last bolus, active insulin, 
current basal and their recent blood glucose level. Unfortunately this small LCD screen fails to 
provide that much information.  
 
4. Uncontrollable: Users have to set up bolus and sometimes set up a temporary basal by 
clicking multiple buttons on the device. Users need a couple of training sessions to become 
familiar with the function of each buttons. Moreover the bolus as a temporary basal setting 
process is complicated and confusing. 
 
5. Information limit: The pump in the Medtronic system provides a large amount of information 
for patients to monitor their blood glucose. However this information is not easily shown on the 
small black and white display. Therefore, the information is difficult to be clearly obtained by the 
patients. This limit also results in a situation in which patients lose their motivation to check their 
personal status frequently. 
 
In the OmniPod system, there are some findings from the research:  
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1. Tubeless: The OmniPod pump is a tubeless pod that can be attached to the patient’s body. 
The pump is small, compact, and strong enough so that it gives more flexibility to users for 
exercising, showering, or swimming. The tubeless pump can be hidden underneath clothes and 
avoids the troubles caused by a tube. 
 
2. Controllable: The PDM gives the patient more abilities to interact with the system because of 
the big screen. Patients can easily access different functions under the menu on the PDM. Also 
the PDM is a device that combines the BG meter and pump monitor to make blood testing to 
target insulin delivery a smoother process. 
 
3. Wasteful: The pump only can be used once and then must be discarded. When the insulin in 
the pump is empty, the patient has to throw the whole pump away and change to a new pump.  
 
4. Unintegrated: The system is not as highly integrated as the Medtronic system. Because of 
the technology restrictions, the OmniPod system only focuses on insulin delivery. The user 
should carry an extra CGM system, if he/she wants to keep continually monitoring the blood 
glucose. 
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5. Unwearable: Some of the patients are carrying a CGM for keeping tracking of their blood 
glucose. However the CGM monitor is unwearable so that when the patient is out of the range of 
the CGM monitor signal, the patient will miss the data during this time. Also the PDM is a chunky 
device, larger than a mobile phone, which is inconvenient to carry.. 
 
6. Information limit: Even though the PDM in the OmniPod system provides a better platform 
for patient to control and monitor, the interface on the PDM is not user friendly, it only shows the 
information in very basic black and white line diagrams. 
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Chapter-2. Wearable Technology 
Even though the insulin pump gives patients greater control over their blood glucose, it still poses 
many problems for the patient. The pump is not wearable or portable, it is difficult to read and 
control, it does not show information clearly, and it is annoying for some users. Patients benefit 
from controlling their disease but lose the normal daily life experience. Are there ways to help 
patients improve their insulin pump therapy experience? In order to solve this problem, there is a 
group of devices called wearable technology, which can help to solve the problem and optimize 
the patient’s experience. In this chapter, I will discuss wearable technology and how it can be 
used to solve these problems. 
 
2.1.  What is wearable technology? 
Wearable technology has become more and more popular in recent years. In the article 
“Wearable Technology and Wearable Devices: Everything You Need to Know,” Tehrani Kiana 
and Andrew Michael describe wearable technology. The terms “wearable technology,” “wearable 
devices,” “wearable computing,” and “wearables” all refer to electronic technologies or 
computers that are incorporated into items of clothing and accessories which can comfortably be 
worn on the body. 
 
2.2.  Category of wearable technology 
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Based on different functions and applications of the field, wearable devices are classified into 
different categories, including Glamour, Communication, Lifestyle, Sport/Fitness, Wellness, 
Medical, and Security/Safety, Business operations. Figure-9 is a map from Beecham Research 
Ltd in 2014, which displays wearable technology and its many categories:    
 
Figure-9. World of Wearable Technology Applications, Beecham Research Ltd in 2014 
2.3.  Why wearable technology 
By comparing the applications of different categories of wearable technology, it is easy to find the 
similarities between Medical wearable devices, Wellness wearable devices, and Sport/Fitness 
wearable devices. Figure-10 is an illustration showing the similarities of Fitness/Wellness 
wearable devices and Medical wearable devices. 
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Figure-10. Similarities Between Fitness/Wellness Device and Insulin Pump Monitor 
First, all of these wearable devices have to be worn on the user’s body everyday. For fitness and 
wellness wearable devices users, they must wear the device to track and build their activities 
diagrams. Second, all of the Fitness/Wellness, and Medical wearable devices are tracking, 
collecting, and storing the user’s activities and health continuously. Third, the users in all of these 
categories have the requirement of obtaining the real-time and recorded information for better 
understanding their activities in a specific time period. Forth, all Fitness/Wellness wearable 
devices and Medical wearable devices can upload the data into the cloud for sharing with other 
people, groups, or devices. 
 
Additionally the application of wearable devices in the medical field is a great trend in recent 
years. Instead of focusing only on fitness and wellness, wearable devices are beginning their 
entrance into health care in earnest for instance: glucose monitors, blood pressure monitors, 
ECG monitors, and breathing trackers, heart rate monitors, and stress sensors. Since wearable 
devices offer constant, objective monitoring, they have the potential to collect vast amounts of 
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data and generate graphics for better understanding and management of chronic diseases. They 
can serve as a tool for healthcare providers, doctors and nurses to track patient behavior and 
progress. They can also shed light on more nuanced patterns of events and symptoms than 
patients are able to report. And now, some of the world’s largest mobile technology firms such as 
Apple, Samsung, and Google are getting in on the act of searching for applications that could 
turn nascent wearable technology like smart watches and bracelets from curiosities into 
must-have items.  
 
As a consumer product, fitness and wellness wearable devices system provide great user 
experience such as wearability, clear and easy navigation of the interface, and information that is 
clear, systematic, and easy to understand. In this case, fitness and wellness wearable devices 
can be used as to help optimize the user experience of insulin pump systems. 
 
2.4.  Wearable devices design principles 
In order to successfully apply the fitness and wellness wearable devices user experience into 
insulin pump systems, it is better to learn and understand the current wearable devices user 
experience. First is to understand interaction principles and rules between user and wearable 
devices. Second is to learn the attributes from current fitness and wellness wearable devices, 
then to find out the benefits and opportunities that can be applied into insulin pump systems. 
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The article by Marcus Weller talks about the principles of designing wearable devices. In this 
article, ten principles are mentioned below: 
 
1. Solves a recurring problem for the person: To be worn, the problem the wearable device 
purports to solve should be substantive, recurrent, and easily articulated in a sentence. 
 
2. Starts from the human, not the machine: Wearable technology design should start from a 
human problem, and then evaluate several viable technology solutions. It should not start from a 
particular technology solution looking for places to impose its presence. 
 
3. Requests attention, does not demand it: Because it is with you everywhere, wearable 
technology should honor the present moment, not distract from it. In doing so, it permits the 
wearer to remain in the moment, and for others around the wearer to do the same. 
 
4. Enhances human capabilities, does not replace them: It should make the wearer better 
able to consume and experience the world, not replace or intervene with the wearer’s opportunity 
to experience it. 
 
5. Creates a net negative number of problems: In rendering a wearable solution, it should 
eliminate more problems than it introduces to one’s life. 
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6. Enables deep and broad connectivity: It should enable broad networks of platforms. Not 
only should wearable devices communicate with each other, but they should also enable the 
broader systems and platforms upon which they are based to interface with one another. 
 
7. Serves the software: Scale and flexibility are more readily achieved when wearable 
hardware both serves, and is served by the software. As the wearer’s needs adjust or their 
context changes, the hardware can remain static while the software platform can quickly evolve. 
 
8. Weniger, aber breiter (Less but broader): Wearable hardware should strive to reduce its 
footprint while the wearable software platforms continue to broaden and expand. This maximizes 
wearable technology’s impact and utility across an expansive universe of applications. 
 
9. Capitalizes on existing behavior: To earn the privilege of being worn, wearable design 
should evoke a feeling of the device as a natural extension of the person. It should not require 
the person to adapt or force new behavior. 
 
10. Augments the things we love, and automates the things we don’t: It should enhance 
our favorite experiences, making them richer and more memorable while using automation to 
create more time to do the things we love.  
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For the interface design of wearable devices with small display, such as smart-watch, Pete 
Mortensen in his article talks about the wearable device interface design principles: 
 
1. Glances, not stares: No smartwatch should ever command the attention, especially the 
eyesight, of a user for more than a few seconds at a time. Spending longer erodes any 
advantage over a smartphone. 
 
2. Interact once: display many times: Smartwatches should primarily provide displays of 
information and prompts for action rather than providing rich interactive elements, meaning they 
will show lots of information that is passively consumed. 
 
3. Speed over accuracy: Consumer smartwatches should be flexible, fun, in-the-moment 
companions, which means they should make lots of ignorable suggestions rather than waiting to 
make a few suggestions that it deems perfectly right, as current predictive services do. 
 
4. Pass the hallucination test: A smartwatch use can be perceived as novel behavior, but it 
can’t present like Bluetooth headsets, which make it impossible to know who is on the phone and 
who is screaming at an imaginary friend on the street.  
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2.5.  Current wearable devices study 
In this part, two fitness band systems are introduced: the Jawbone UP24 and the Fitbit Charge 
HR. In each example, the first part is an overview of this fitness band system, including a system 
map illustrating the components in the system and how these components are cooperating and 
interacting with each other. In the second part, there is a brief overview of the interface of this 
band system. The last part is the user’s feedback. 
 
2.5.1.  Jawbone UP 24 system 
Jawbone UP24 is a wristband launched by Jawbone in November 2013. It is an activity tracker 
that tracks the activities of users such as steps, sleep, food, and nutrition, and it syncs the 
information wirelessly via Bluetooth to an app named UP on a smartphone. The user’s activities 
information is shown on the phone in graphics, so that users can easily and quickly glance at the 
important information and look into the more detailed information. 
 
System overview：  
Figure-11 is the Jawbone UP24 fitness band system map, in which there are 3 main components: 
user, band (Jawbone UP24), and smartphone. 
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The band can be worn on the user’s wrist to track the user’s activities including steps and sleep. 
The band collects the information by the implanted sensor and stores this information. The band 
sends the information to the smartphone when the user turns on the app on the phone. 
 
Figure-11. Jawbone Up24 Fitness Band System 
The band works with a smartphone application called “UP”. This application receives the 
information from the band and displays this information in a clear diagram. The user can check 
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the specific information and also control the whole system through the app, such as profile, 
personal information, switch mode, and edit personal plan. 
 
The user in this system has the ability to obtain information and control the system. The user 
interacts with the phone to get their activities information and sets up the app with the phone to 
control the whole system. For example, except setting on the band, the user can set the band 
with the phone to switch between modes of Awake and Sleep.  
 
Figure-12. Jawbone Wristband 
Interface: 
The interface of the Jawbone UP24 system is separated into different levels from simple to 
complex. The interface on the band is in the simple level that allows a user to do simple and fast 
settings. As Figure-12 shows, the band interface includes a button and two LED icons. Users can 
switch the mode between Awake and Sleep by holding the button, and then the user can see the 
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target mode icon blinking. When the user clicks the button one time, the current mode icon will 
blink. While charging the band, the Sun icon pulses and turns to solid when fully charged.  
 
The interface on the app is in the complex level, which provides all of the information and 
settings for the user. Figure-13 is the basic structure of the Jawbone UP app interface, in which 
the center interface with the red frame is the homepage of this app. On the homepage, three 
columns in different colors show the user how many percentages of preset goals have already 
been achieved. This graphic is large and clear enough so that the user can quickly obtain the 
information with a simple glance as soon as the app is opened. Under the main graphic, there is 
an activities history; user can scroll down to view their activities, tips, and friends’ activities by 
time. Further more, the user can click the corresponded column to see the detailed information. 
For instance, the user clicks the sleep column at the home page, and then the user goes to 
another interface with a diagram from which the user can obtain detailed information including 
the time of restful sleep, restless sleep and wake up.  
 
On the homepage, the user can swipe the page to the left to see the menu bar on the right, which 
includes quick mode switches, such as switching between sleep and awake mode, power nap, 
and stopwatch. On another side, the user can swipe the homepage to the right to see the 
function menu bar, which includes profile, goals achievement, trend of the days, and friends’ 
activities. 
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Figure-13. UP Phone Interface 
User feedback: 
In order to better understand the user experience of the Jawbone UP24, three Jawbone UP 24 
users participated in the interview. They shared their experiences of using the Jawbone Up24 
band.  
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From a hardware standpoint, all of the users provided positive feedback. They all were satisfied 
with the appearance and design of the Jawbone UP 24. They also felt that the device was 
comfortable to be worn on the wrist. Only one user felt uncomfortable after the first night of 
wearing it, but she mentioned that she’s used to wearing it after two nights. Additionally, the 
device is easy and clear to control by just clicking the button to switch the mode. However, the 
users have to do this task every time before sleep and after waking up, which loses some of the 
data during sleep if the user forgets to switch the mode before sleep.  
 
From a software standpoint, the app on the phone has a good interface design and the 
information is very clear. All the users like the design of the homepage because they just open 
the app and can quickly glance to read all of the important information, such as the percentage of 
the goals they have achieved, how many steps they have walked, and how many hours they 
have slept. Though the app has many functions, opening the app, quickly glancing at the home 
page, and then closing the app are the main functions that users perform multiple times a day. 
 
2.5.2.  Fitbit Charge HR System 
Fitbit charge HR is a band targeted to general consumers to collect their activities such as steps, 
sleep, and heart rate. Users can obtain their activities information from the screen on the band, 
and also from the app on the smartphone after the user syncs the band with the phone. 
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Figure-14. Fitbit Charge HR System 
System overview: 
Figure-14 is a map showing how the Fitbit system works. In this system there are four main 
components: band, smartphone, computer/website, and user. 
 
The band, as Figure-15 shows, can be worn on the wrist to track the user’s activities information, 
such as steps, sleep, climbed stairs, and heart rate. Similar to the Jawbone UP24 system, the 
band syncs with the smartphone app so that the user can obtain the information on the phone. In 
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addition the band has a screen, so the user has an option of acquiring the information from the 
band. 
 
    Figure-15. Fitbit Charge HR Band                    Figure-16. Fitbit Charge HR Band Interface 
In the Fitbit Charge HR system, the band works with a smartphone app as well. Similar to the 
Jawbone UP 24 system, the smartphone app receives information from the band and displays 
this information into a graph for the user. The user can make settings on the phone, and these 
settings will be sent to the band. Also the app can share the information to the cloud under the 
user’s account, so that the user can see the same information on multiple devices. 
 
The Fitbit charge HR system provides a service on a website named dashboard, where the user 
can also check their information. The website provides a more systematic and clear daily 
activities information feed to the user. Also it gives the user greater setting options for example 
changing the profile, managing devices, and organizing information structure.  
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The user in the system (similar to the Jawbone system) has the ability to obtain information and 
control the system. But in the Fitbit system, the user has more options of viewing the information 
and controlling the system on the band, phone, or website. 
 
Interface: 
The band of the Fitbit Charge HR has a small LED screen and a button. The user can quickly 
look at the information through the screen by simply clicking the button. As Figure-16 shows, 
while the user clicks the button, the screen will wake up from sleep mode by showing the time. 
Then by clicking the button, the user can switch between the different information, such as the 
time, activity status, steps, walking miles, heart rate, calories, and stopwatch. While holding the 
button, the band is in stopwatch mode and can be stopped by another holding of the button. The 
band still has the function of call notification and alarm clock. When the phone call comes in, the 
screen will show the contact person. As an alarm clock, the band wakes up the user by vibration. 
This interface provides more flexibility to the user to obtain the information quickly.  The user 
does not have to take out off the phone and then open the app to check the real-time status. 
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Figure-17. Fitbit Charge HR Phone Interface 
 
Figure-18. Fitbit Charge HR Website 
The interface on the app is in the most complex level, which provides all of the information and 
settings for the user. Figure-17 is the basic structure of the Fitbit app interface, in which the 
center interface with the red frame is the homepage of this app. On the homepage, the band 
status is on the top row. Below the band status, each row has a different activity status, allowing 
the user to quickly obtain the real-time information from the homepage with a simple glance. Like 
the Jawbone UP app, the user can click the activities on the homepage to see the detailed 
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information. Then in the next level of the interface, the user can find a large overview diagram in 
the center of the page then a detailed date below the diagram. At the bottom of the homepage, 
there are four options that make the user switch between different menus, such as activities data, 
system setting, and friends’ activities. 
 
The Dashboard, as Figure-19 shows, is a website-based interface for the user to obtain 
information online. The user’s data is uploaded onto the cloud so the user can see the 
information from the website or other devices. The Dashboard provides more detailed and 
overall information on the homepage; each activity is in a section and contains diagram and 
detailed information. The user can easily obtain the information and mange the whole band 
system through the website. 
 
User Feedback: 
In this study, three Fitbit Charge HR users participated in the interview and shared their 
experiences. 
 
From a hardware standpoint, all of the users were satisfied with the design. They felt the design 
is fairly neutral as a normal band. Two users felt a little awkward the first time wearing the band, 
but they are getting used to wearing it. One user felt uncomfortable because the band caused an 
allergic reaction and she broke out in a rash on her wrist. The reason for the reaction is that she 
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wore it while working out, showering, and sleeping, so after a long time of usage and getting it 
wet, the gaps on the band gathered dirt and caused the rash. 
 
From a software standpoint, all of the users liked the interface on the band, phone, and website. 
They have more flexibility to read the information and control the system. They can easily and 
quickly get the real-time status through the band at any time and anywhere. And they all like the 
vibration notification, because this is not disturbing but still effective. The phone app interface is 
clean and simple, which makes the users easily glance the homepage for quick real-time 
information and they also can check the history and detailed information on the app by clicking 
each option. Additionally the users like the dashboard on the website, on which they can read 
more systematic and detailed information and generate their activities reports. 
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Chapter-3. Attributes of Fitness/Wellness monitoring 
system 
In Chapter-2, we discussed the wearable device design principle and the wearable interface 
design principle. In the second part of Chapter-2, two current wearable device systems were 
studied as examples. Therefore some of the attributes of fitness/wellness monitoring system can 
be found and summarized from the study, and be used into the insulin pump monitoring system 
to optimize the user experience.  
 
3.1.  Guidelines for fitness/wellness monitoring system design 
As the Figure-19 shows below, the attributes of the fitness/wellness monitoring system can be 
summarized into five main points: good to wear, simple and quick interaction, working without 
annoying, broad connection, and clear information levels. 
 
Figure-19. Fitness/Wellness Monitoring System Design Guideline 
1. Good to wear: The device should be designed to be appealing and comfortable so that the 
user wearing the device feels comfortable and confident. 
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The Jawbone UP24 is a wristband the user wears everyday, tracking the user’s activities. The 
band is well designed as a decorative accessory for the user. The small size and soft touch band 
makes it easy to wear.. The Fitbit Charge HR is also a wristband tracker. The band is made of 
soft touch rubber, so it is also easy to wear and comfortable. The band looks modern and 
high-end because of the colors, texture, and small screen. Both of the fitness bands are 
waterproof and comfortable. So no matter if the user is working out, sleeping, taking a shower, or 
swimming, he/she does not have to take it off unless the band need to be charged. 
 
2. Simple and quick interaction: Because the band is a small device, the interaction on the 
band is simplified and the user can use quick actions to complete the task, avoiding complex 
settings. 
 
The Jawbone UP24 band only has a single button. It is so simple that the user can switch 
between daytime mode and nighttime mode by only holding the button, and also can get 
feedback from the flickering LED. The Fitbit Charge HR band has only one button and a simple 
LED display. Users can check the real-time information in sequence by continuously clicking the 
button.  
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3. Working without annoying: The device can be worn on the body without disturbing the user. 
The device always gives notifications to the user, however these notifications should be efficient 
but not disturbing. It should not disturb the user or the environment around the user. 
 
The Jawbone UP24 band gives the user a notification by vibration and a flashing light. The 
vibration is on the user’s wrist, so it only gives the user notice, but doesn’t bother anyone else. 
Like the Jawbone UP24, the Fitbit Charge HR is worn on the user’s wrist giving notification by 
vibration and a flickering screen that only the user notices. 
 
4. Broad connection: The device should be well connected with other devices for information 
transferring and storing. Different people have the ability of easily obtaining the information 
through various devices. 
 
In the Jawbone system, the band connects with the smartphone app wirelessly to send the 
information. This way the user can check the personal real-time status through the smartphone 
application. Also the user can build a group with friends to share their activities and 
achievements. The Fitbit Charge HR system provides a wider connection than Jawbone’s. The 
user can not only check their activities in the smartphone app, but also can get the information 
from other devices if they log in. The Fitbit system gives the user a broader connection and 
broader options to check the real-time activities anytime and anywhere. 
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5. Information levels: In a fitness/wellness monitoring system, obtaining information is the most 
important task. However the fitness/wellness information is detailed, specific, accurate, and 
professional, making it difficult to display all of the information to the user at one time and in one 
screen. Therefore it is very necessary to organize the information into different levels, according 
to different devices. The first level is the real-time information, such as status, in which the user 
can acquire the information easily and quickly with a simple glance. The second level is the 
detailed information, which contains the full detailed, specific, accurate, and professional 
information. The user can obtain the real-time information quickly and efficiently at the first level 
and then get deeper detailed information if they want. 
 
In both the Jawbone and the Fitbit app, the user can check their real-time status, such as current 
steps, heart rate, and sleep hours on the home screen with a quick glance. This makes the task 
of checking status very simple and quick.. And if the user wants more information, for example, 
how many deep sleep cycles the user had during the sleep last night, the user can click the 
relative icon and follow the navigation to access the detailed information. 
 
3.2.  Fitness/wellness monitoring system model 
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In Chapter-2, two current fitness/wellness monitoring systems are studied, the Jawbone UP24 
system and the Fitbit Charge HR system. In each system, the system architecture is built to 
illustrate how the components in the system work with each other.  
 
Figure-20 Jawbone and Fitbit Wristband System 
Figure-20 shows the two fitness/wellness band system architectures. From the illustration, both 
of the systems have a band, which tracks the user’s activities and then sends the information to 
the smartphone, and in some cases, uploads the information to the cloud to share with other 
people and devices. The user can get the fast and simple information form the wearable band, 
and get detailed and specific information from the phone. Also the user can make the simple 
control on the band and the complex setting in the smartphone app. 
 
From the research above, the fitness/wellness band system could be summarized to a model 
called fitness/wellness monitoring system model as Figure-21 shows. In the fitness/wellness 
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monitoring system model, there are four components: fitness band, smartphone, 
computer/website, and user. These components interact with each other by sending and 
receiving information. 
 
Figure-21. Fitness/Wellness System Model 
In the fitness/wellness monitoring system, the information transfers between each individual 
component in the system. Therefore the information input and output are the most fundamental 
interactive elements in this system. In order to better illustrate the information transfer between 
the devices in the system model, the information input and output are separated into two 
categories: information flow and user control ability. In the illustration of Fiture-22, the green 
arrows represent the information flow and the red arrows represent the user control ability. 
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Information flow: Information flow is the basic information that the band tracks from the user， 
such as the walking step, heart rate, etc. In Figure-21, the wristband tracks the information from 
the user, collects and sends this information to the smartphone. The smartphone will transfer this 
information to the diagrams and show them the phone display. The smartphone also connects to 
the Internet wirelessly and uploads all of the information to the cloud server, allowing the 
information to be shared on multiple devices such as website, tablet, or other smartphone. The 
user can obtain different hierarchical information from different devices. As the green narrow 
arrow in Figure-21 shows, the user can receive the quick and limited information from the 
wristband because of the interaction restriction of the wearable device. On the other side, the 
smartphone app gives the user both quick and limited information and full detailed information. At 
the first level, the user can easily glance at the homepage of the app to get quick real-time 
information, and then at the second level, the user can go to the detailed information by following 
the navigation in the app. At the computer/website end, the user can get full and clear 
information on a bigger screen of every detail. In general, the user has different options to obtain 
the different information, which follows a hierarchy according to different devices and device 
using scenarios. 
 
User control ability: The user control ability is the information input and output from the user to 
control the system. As the illustration in Figure-22 shows, the user has the ability of making the 
settings on the wristband, the smartphone, and the computer to control the whole system. 
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Between the user and the wristband, the band is small so it has restricted interaction. So the user 
can only make simple and basic interactions on the wristband. However the smartphone 
provides both fast, simple settings and full functional settings. The user can make a simple and 
fast setting, for example mode switching, at the homepage of the app, and the user can also 
make a deeper setting to control the whole system through the smartphone. Like the smartphone, 
the computer also can give the user the ability of controlling the whole system. 
 
3.3.  Fitness/wellness monitoring system information hierarchy 
From the fitness/wellness monitoring system model, both the information flow and user control 
ability are following the hierarchy according to the device and device-using scenario. Different 
devices should follow different information and user control ability levels. In order to better 
understand this information and user control ability hierarchy, an illustration of information 
hierarchy is shown in Figure-22. This information hierarchy is an	  important key point that needs 
to be considered when designing a fitness/wellness monitoring system. 
 
This information hierarchy contains two sections. The first section on the left in green represents 
the hierarchy of the information flow. The second section on the right in orange represents the 
hierarchy of user control ability. Both of the sections are classified into three levels according to 
the devices: the wristband level, the smartphone level, and the computer/website level. In this 
triangle model, the device at the top has more restriction of information and user control ability; 
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conversely, the lower device has more information and user control ability. 
 
Figure-22. Information Hierarchy 
The wristband level is on the top of this triangle model, which means the wristband has the most 
restriction of information and user control ability. The wristband is the device worn on the user’s 
body, so it is the closest device to the user. The wristband is normally small because it should be 
worn comfortably and avoids disturbing the user. In this case, the user cannot make complicated 
interactions on the wristband. Therefore on the side of information flow, the information should 
be simple, fast, and in real-time so that the user can obtain the information with a simple glance. 
On the side of user control ability, the setting interaction should be the basic simple action, for 
example switch the system mode by simple clicking the button. In general, both the information 
and interaction should be simple and fast. 
 
The smartphone level is in the middle of this triangle model between the wristband and the 
computer. The smartphone has the flexibility of both quick and deep interactions. The 
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smartphone is a device carried by the user everyday, and it has a large screen and interactive 
interface. In the fitness/wellness monitoring system, the smartphone works as a quick 
status-checking device and also as a detailed activities monitor. The smartphone interface has 
two levels. First, the real-time and the most frequent information should be set at the homepage 
so the user can receive the information easily by a simple glance. Second, is the detailed and 
specific information and fully functional setting. The user can access this information and setting 
by following the clear navigation in the app. 
 
The computer is on in the bottom of the hierarchy. Because the computer is more sophisticated 
and fully functional, the user has the ability to get detailed, professional information from the 
computer and also the more complex settings. The user can obtain all of the information 
variously and control all the fitness/wellness system from the computer. 
 
Therefore, this information hierarchy model can be used as a tool to figure out the appropriate 
information and user control ability for each component in the fitness/wellness monitoring 
system. 
 
In summary, when designing a fitness/wellness system, the guidelines from the research above 
should be taken into consideration. The wearable device should be easy to wear; the interaction 
on the wearable device should be simple and quick; the device should work without disturbing 
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the user; the components in the system should be connected with each other; and lastly, each 
component should follow the appropriate information hierarchy. The band provides quick 
real-time information and simple settings; the phone provides two levels of interaction, the first is 
quick information and setting, the second is detailed information and fully functional setting; and 
the computer /website provides the user all of the information and a full system setting. Every 
component in the fitness/wellness monitoring system should seamlessly work with each other 
and provide the user with the best experience. 
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Chapter-4. New Insulin Pump System Model 
In Chapter-1, we discussed research of two current insulin pump systems. The research covered 
the main components in the system and how these components cooperate with other 
components. Then we demonstrated problems that were found from the patient’s experience of 
using the insulin pump monitoring system. In order to find a solution for optimizing the insulin 
pump system, the concept of a wearable device was introduced in Chapter-2. The wearable 
device concept was narrowed down to the fitness/wellness monitoring system, which has similar 
attributes as the insulin pump monitoring system. The research focused on two examples of 
representative current fitness/wellness monitoring system: the Jawbone UP24 and the Fitbit 
Charge HR. From the research, the fitness/wellness monitoring system guidelines and 
information hierarchy were generated. These guidelines and information hierarchy can be used 
as a tool to improve the current insulin pump monitoring system. In this Chapter, the attributes 
found from the previous research will help to generate a new insulin pump system, which can 
provide the patient a better insulin pump monitoring user experience. 
 
4.1.  Basic components in insulin pump system 
Before applying the attributes of the fitness/wellness monitoring system into the insulin pump 
monitoring system, we need to understand the important components in the insulin pump 
monitoring system. From the research, the Medtronic insulin pump monitoring system and the 
OmniPod insulin pump system are two different kinds of systems having different devices and 
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different system structures. And the information transferred between each device is different. 
Although the components in these two insulin pump monitoring systems are different, the basic 
functions of each device are the same. According to the basic functions, the components in the 
insulin pump system can be divided into six basic components, and both of the current insulin 
pump systems contain an arrangement of these six basic components. 
 
Figure-23. Basic Components in Insulin Pump Monitoring System 
In Figure-23, six circles represent the six basic components of the insulin pump monitoring 
system: pump, sensor with transmitter, BG meter (blood glucose meter), pump monitor, CGM 
(continuous glucose monitor), and PC. 
 
The pump in the system refers to the insulin pump; its only function is delivering insulin into the 
patient’s body.  
 
The sensor with transmitter is a unit that contains a sensor and a transmitter. In the insulin pump 
system, the sensor is attached on the patient’s body for tracking blood glucose levels. It should 
be connected with a transmitter, which is attached to the sensor sending the blood glucose data 
to other device. Even though the sensor and transmitter have different functions, they work 
together in the insulin pump. 
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The BG meter is short for blood glucose meter. It is a device which tests blood glucose levels. 
The BG meter includes a set of blood test items such as test strips, needle, and disinfecting kits. 
 
The pump monitor is the device that controls the pump for specific amounts of insulin delivery, for 
example basal and bolus. It also can record the insulin delivery history for patients to track. 
 
The CGM is the continuous glucose monitor that works with the sensor to track the patient’s 
blood glucose changes. Similar to the fitness/wellness monitoring system, the CGM illustrates 
the patient’s blood glucose changes through a diagram, so the patient can easily learn about the 
blood glucose variations during a time period. 
 
The PC refers to the computer, which provides the patient an option to check the full information 
on the website and share this information with doctors. 
 
4.2.  Current insulin pump system model 
According to the arrangement of the six basic components in the insulin pump system, the 
Medtronic insulin pump system and OmniPod insulin pump system can be simplified into two 
system models as Figure-25 shows. 
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On the left side of Figure-24 is the system model of the Medtronic insulin pump system. In the 
system, the sensor is attached to the patient’s body and sends information through a transmitter 
to the pump. The pump in this system combines three basic components: pump, pump monitor, 
and CGM, therefore, the user needs to get all of the information from the pump. Because of the 
restrictions of the interaction on the pump, the user may feel restricted when operating the pump.  
 
Figure-24. Two Current Insulin Pump Monitoring System Model 
In the Medtronic insulin pump system, the user has to carry a BG meter to test blood glucose 
levels. This blood test information will be sent to the pump for calculating the insulin delivery 
amount. The information is then stored in the pump’s memory and transferred to the computer 
through the BG meter. Therefore, the Medtronic insulin pump system is complicated and hard to 
operate. 
 
On the right side of Figure-25 is the system model of the OmniPod insulin pump system. In this 
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system, unlike the pump in the Medtronic system, the pump attached to the patient’s body only 
works independently as a pump. It is solely responsible for insulin delivery. The pump is under 
the control of the PDM, which includes the basic components of the BG meter and pump monitor. 
Through the PDM, the user can test the blood glucose levels and set up the appropriate amount 
of insulin for delivery. However, the OmniPod insulin pump system does not contain the CGM 
system. So if the user needs to continuously track the blood glucose levels, the user has to carry 
an extra CGM system. The information in the OmniPod system is not integrated, and the user 
has to check the information through different devices. 
 
4.3.  New insulin pump system monitoring system model 
After understanding the basic components and their arrangements in two current insulin pump 
monitoring systems, the new insulin pump monitoring system is built by rearranging the basic 
components in the insulin pump system. The goal of this rearrangement is to optimize the user 
experience of using the insulin pump monitoring system and to solve the problems found from 
the research in Chapter-1. The approach to achieve this goal is found by applying the attributes 
from the current fitness/wellness monitoring system into the insulin pump monitoring system. 
Therefore, according to the findings from the research in Chapter-1 and Chapter-2, these six 
basic components can be rearranged to build a newly optimized insulin pump monitoring system 
model. 
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Figure-25. New Insulin Pump Monitoring System Model 
Figure-25 is an illustration of the new insulin pump monitoring system. By following the 
architecture of the fitness/wellness monitoring system, this new system contains the same 
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components: the wristband, the smartphone, and the computer/cloud. Additionally, because it is 
the system for blood glucose monitoring, it also contains the sensor with transmitter and the 
pump. 
 
In the new insulin pump system, the wristband is the central operator. It integrates the basic 
components of the pump monitor, the CGM, and the BG meter. The wristband receives the 
continuous blood glucose data from the sensor with transmitter, and provides the patient with the 
function of the blood test. It stores these data in its memory and sync with the specific app on the 
smartphone to display the data in clear and understandable diagrams. On the smartphone, the 
patient can obtain all of the information about the status of the disease as blood glucose changes, 
target blood glucose, insulin delivery history, and blood test history. Additionally, on the 
smartphone, the patient can set up the specific amount of insulin for delivery as basal and bolus, 
and also set up all of the preset values as target blood glucose, max basal/bolus, and basic body 
information. When the patient sets up an amount of insulin for delivery, the smart phone 
communicates with the wristband, and the wristband receives this command and sends the 
command to the pump, delivering the insulin into the patient’s body. The smart phone also 
uploads the information to the cloud, so the patient can log into his personal account and view 
this information from any device. Also the doctors can view their patients’ information on other 
devices to help the patients during therapy. 
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In order to understand the advantages of this new insulin pump system, the guidelines of the 
fitness/wellness monitoring system, which were discussed in Chapter-3, can be used as a tool to 
evaluate this system and optimize the insulin pump user experience. 
 
1. Good to wear: In the insulin pump system, the pump, the sensor, the pump monitor, and the 
CGM are the components that must be carried on the patient’s body every day. The pump and 
sensor is attached to the patient’s body so that the tube is not disturbed. However, in order to 
continuously monitor the pump and blood glucose status, the patient has to keep the pump 
monitor and CGM with them every day. In this case the pump monitor, the CGM, and the BG 
meter are integrated together into a wristband that can be worn on the patient’s wrist every day 
and night without taking it off. 
 
2. Simple and quick interaction: In the Medtronic system, the patient has to interact with the 
pump. However, the pump is connected with the infusion set attached to the body by a tube, 
creating an inconvenience for the patient to check the status and make a setting. Also the 
separated BG meter makes the patient have to test blood glucose on another device. In the 
OmniPod system, the patient has to get the information through the PDM and CGM separately, 
and the devices are all hard to interact with. Therefore, in the new insulin pump system, the 
integrated wristband provides the patient with a simple and quick setting on the wrist, avoiding 
having to find monitors or meter from somewhere else. The wristband as a wearable device can 
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be part of the patient’s body and serve as a personal diabetic monitoring assistant that can track 
and help patients manage their disease. 
 
3. Working without annoying: The integrated wristband has the function of giving notification to 
the patient for special device status. The vibration and flashing light can be used as a way for 
notification. This way of notification works efficiently and does not disturb the patient or other 
people. 
 
4. Board connection: Because the wristband works as a central controller, it sends and 
receives the information from other components. In order to have a better experience of getting 
information and controlling the system and also avoiding displaying information on a small 
screen, the user needs an appropriate platform to obtain the information. By following the 
fitness/wellness monitoring system, the smart phone works as this information display platform 
connects with the wristband wirelessly and uploads the information to the cloud. Therefore this 
system creates a board connection allowing the patient to receive information and control the 
system through multiple devices. Not only the patient, but also the doctors, the nurses and those 
who are authorized to access the patient’s account can check the patient’s status through 
different devices. 
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5. Information level: As the attributes of the fitness/wellness monitoring system, different 
devices should follow their own interaction rules. The users using the Medtronic insulin pump 
system have difficulty using the pump because the pump system makes all the information and 
interaction on a small pump monitor. Therefore, in the new insulin pump monitoring system, the 
wristband as a wearable device only provides fast and real-time information and simple, fast 
interaction. The full information and interaction are moved to the smartphone, which has a larger, 
interactive screen allowing for a better monitoring experience. 
 
In order to build a better interaction for the patient, the information hierarchy in Chapter-3 can be 
used as a tool to find out what kind of information should be in each device. Therefore, the 
information and user control ability found in the insulin pump system can be applied to the 
information hierarchy model to figure out the most appropriate information for each device. 
 
Figure-26. New Insulin Pump Information Hierarchy Model 
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Figure-26 is the illustration of the information hierarchy model and user control abilities. Before 
filling the information and user control ability into the model, it is necessary to understand the 
basic information and user control abilities in the system. 
 
Information: On the left side of this illustration is the information that the patient needs to know 
from the insulin pump system. From the research of two current insulin pump monitoring systems, 
the user has to obtain this information from the system: the real-time blood glucose status (if 
patient has sensor on their body), the trend of blood glucose, the most recent blood glucose test 
(last BG test), the current basal status, the most recent bolus (last bolus), the active insulin, their 
status history including insulin delivery, food history, blood test history, alert history, suspend 
history, the blood glucose graph, personal profile, and the system status including the battery, 
reservoir, and sensor.  
 
User control ability: The user control ability is the information input and output from the user to 
control the system. From the research, the user control ability includes: testing blood, checking 
real-time status, setting bolus ad temporary basal, checking system status, setting basic factors 
(personal profile), checking the history including insulin delivery, food history, blood test history, 
alert history, suspend history, checking the blood glucose changes graph, setting the system 
including connecting pump, sensor, and calibrating the meter. 
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After figuring out the information and user control ability of the system, these factors can be 
classified into different levels by complexity and frequency of use, and then can be assigned into 
the related boxes of the model.  
 
As Figure-26 shows, at the top of the hierarchy model is the wristband, which provides quick, 
simple, and real-time information and simple control. On the information side, the wristband in 
the new system provides real-time information such as current blood glucose status value and 
basal status; and quick simple information as the last bolus delivery and last blood glucose test. 
On the user control ability side, the user can view this quick information through the wristband by 
clicking the buttons. Also the user can test blood and set quick bolus on the wristband. 
 
On the smart phone level as Figure-26 shows, the smart phone can show both quick real-time 
information and detailed specific information. Also it allows the user to have both simple and full 
functional control. As the description in the information hierarchy in Chapter-3, the smart phone 
interface should have two levels. At the first level is the quick real-time information and quick 
setting, including the real-time blood glucose status, the trend of blood glucose, the last BG test, 
last bolus, the current basal status, and the active insulin. The most frequent settings such as 
testing blood, checking real-time system status, setting bolus ad temporary basal, checking 
system status, and access to the deep information and settings should be on the first level of the 
smart phone interface as well. The second level of the smart phone interface is the full 
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information and settings. The user can track detailed information such as insulin delivery, food 
history, blood test history, alert history, suspend history, the blood glucose trend, personal profile, 
and any detailed graphs. Sophisticated settings include the profile setting, meter calibration, and 
basic factors setting for example the insulin sensitivity factors, max bolus, and target blood 
glucose. 
 
In the new insulin pump system, all of the data can be uploaded onto the cloud server from the 
smart phone so the patient gets the full information from the website server when he logs into the 
account. And additionally the doctors, the nurses and the people who are authorized to access 
the patient’s account can obtain the information through different devices. 
 
In summary, all of these basic components from the insulin pump monitoring system are 
rearranged into a new insulin pump system. Following the guideline of the fitness/wellness 
monitoring system and information hierarchy, the new system can provide a better user 
experience to the diabetic patient. In order to test if the new insulin pump system can really 
optimize the patient’s user experience, it is necessary to build the testable design and prototype 
for real testing. 
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Chapter-5 New Insulin Pump Monitoring System 
Design 
In order to test the new effect of this theory and the new insulin pump monitoring system, a 
functional insulin pump monitoring system is built for testing. In this chapter, the first part 
introduces the new system design, and the second part demonstrates the prototype testing. 
 
5.1.  New insulin pump monitoring system design 
In this new insulin pump system, the sensor with transmitter and the pump are all independent 
components worn on the user’s body, and these components are the same as the components in 
the current insulin pump monitoring system. Additionally, the patient is mostly interacting with the 
smart phone and the wristband, which are all very important components in the system that the 
patient has to use everyday. Therefore, this new insulin pump monitoring system prototype 
design mainly focuses on the smart phone interface and the wristband design. 
 
5.1.1.  Wristband Design 
As the description in Chapter-4, in the new insulin pump monitoring system, the wristband 
combines the components of the BG meter, the pump monitor, and the CGM. According to the 
information hierarchy model, though the wristband is multifunctional, it only provides quick and 
simple information and interaction. Therefore, the wristband is designed as a band with a simple 
interface as Figure-27 shows.  
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Figure-27. Wristband Features 
The wristband interface contains a LED display to show the quick and simple information, a LED 
light-ring beside the display for notification, and three buttons for operating. The button between 
the display and the LED ring is used for confirmation, and the two buttons on the sides of the 
wristband are used for navigation as “up” and “down”. On the other side of the wristband, there is 
a metal buckle in which the blood test slot is located. The user can use the wristband as the BG 
meter to test the blood glucose after opening the buckle. 
 
In order to give the patient a notification without being disturbed, as Figure-28 shows, the 
notification given by the wristband is designed to blink a LED and a vibration. The wristband can 
give the patient a personal notification, so he is not embarrassed in public places. The wristband 
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can give notification to the patient in the situation of low battery, low reservoir, low/high blood 
glucose, and any alarms. Also these notifications and alerts can be personalized on the smart 
phone application according to different patients’ requirements. 
 
Figure-28. LED Notification 
 
Figure-29. Wristband Interface Architecture 
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As a small wearable device, the wristband provides quick and simple real-time information to the 
user through this simple interaction. In this case, the wristband in the new insulin pump system 
only shows the most necessary real-time information including the time, the last BG test, the last 
sensor BG, the last bolus, the active insulin, and the current basal. Figure-29 is the wristband 
interface architecture. In a normal situation, the wristband is in sleep mode and the display is 
turned off to save the battery, as the image in the left column in Figure-29 shows. The display 
would be woken up to show the time when the user clicks the confirm button, as the center image 
in the mid-column shows. Then wristband would show the information in a settable sequence 
when the user clicks the “up” or “down” button. The information title is shown first, followed by the 
related specific data.  
 
Figure-30. Blood Test on Wristband 
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When testing the blood glucose, as Figure-30 shows, the patient clicks the button on the buckle 
to find the blood test stick slot. Then the patient tests the blood glucose on the wristband like on 
the regular BG meter. Figure-31 shows the interface flow when the user tests the blood glucose. 
When the user inserts the blood test stick, the wristband would show that the wristband is in the 
blood test mode as the center image in Figure-31 shows. Then after the user puts the blood onto 
the test stick, the wristband will display the test result on the screen. If the result were higher or 
lower than the preset target blood glucose level, the red light on the LED ring would blink to alert 
the user that the tested blood glucose level is abnormal.  
 
Figure-31. Blood Test Interface 
Therefore, the wristband in the new insulin pump system is a wearable BG meter, so the user 
can wear and test the blood glucose anytime and anywhere. Also the wearable wristband 
provides fast, simple and real-time information so the user can quickly obtain the clear real-time 
information by a simple interaction with the wristband. Compared to the current existing insulin 
pump monitoring systems, the user does not have to carry multiple devices with them and does 
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not have to worry about losing the information, because the wristband is comfortable to wear 
every day and night without taking off. Additionally, the information on the wristband is important, 
simple and clear, so the user can quickly access the most important information by clicking the 
buttons on the wristband. 
 
5.1.2.  Smart phone App interface design 
 
Figure-32. Phone Interface Architecture 
In Chapter-4, the smart phone showed both quick real-time information and detailed specific 
information, while also allowing the user to use both simple and full functional controls. The 
information hierarchy model in Chapter-4 laid out the quick information, detailed information, 
quick setting, and deep setting. Therefore, the interface architecture in Figure-32 is built to show 
the different levels of the interface. As Figure-32 shows, on the homepage, the quick real-time 
information refers to the status, which shows the patient’s real-time health data as current blood 
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glucose, current basal, last bolus, last BG test, and active insulin in the body. The quick real-time 
information also refers to the system hardware status as the battery life of band, pump, and 
sensor, as well as the insulin remaining in the pump reservoir. On the homepage, the quick 
settings are easily accessible. The patient can setup the bolus, temporary basal, and suspending 
any insulin delivery from the homepage. Also the patient can make a deep setting from the menu 
to control the whole system.  
     
         Figure-33. Main Menu                    Figure-34. Homepage                   Figure-35. System Statue 
Figure-34 is the designed home page of the smart phone application. On the upper part of the 
homepage, there is a graphic that shows the general overview of the patient’s insulin pump 
therapy status in a single day. The main graphic is the blood glucose timeline built by the data 
from the blood glucose sensor on the patient’s body. The X-axis is the time in one day, and the 
Y-axis is the blood glucose level. The light zone in the graphic is the target blood glucose range, 
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which means the patient’s blood glucose is in a normal level when the tracked blood glucose 
levels are in the zone, and the patient should be alerted when the tracked blood glucose is in 
either the lower or higher part of the zone. Whenever the patient is alerted, a yellow dot would be 
marked at the intersection of that time and that blood glucose level. In the graphic, the red 
squares means the time when the patient tests the blood glucose by using the BG meter. When 
the user taps the red square, a red bubble would pop up and show the blood glucose level at that 
test. In the graphic, the user can drag the pointer across the timeline to check the sensor blood 
glucose at any time.  
 
At the bottom of the graphic, there is a small time-based graphic showing the insulin delivery 
overview for the day. The lower and lighter columns refer to the basal, and the higher darker 
columns refer to the bolus. This graphic only shows the rough basal and bolus delivery time and 
amount, not any detailed information.  
 
On the lower part of the homepage, there are three rows showing the most important real-time 
information: the bolus delivery status, current basal delivery, and the active insulin. These three 
rows are the real-time updating, so whenever the patient opens the application, he can quickly 
obtain this information.  
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At the top center of the homepage, there is a date bar for the user to check the information on 
any day. The user taps the left or right arrows to switch the days in sequence, or taps the date. 
When the user taps the date, a drop down calendar appears on the screen, as Figure-36 shows, 
so the user can go to any day by tapping the days on the calendar.  
 
The homepage of the application includes a large amount of real-time information for the patient 
to read with a quick glance. Also, the homepage provides access for the patient to acquire more 
detailed information and deep control. 
 
At the top of the homepage, there are three accesses. The menu icon is on the left side. When 
tapping the menu icon, the homepage will slide to the right revealing the menu bar, as Figure-33 
shows. From the menu bar, the user can switch between profile, homepage, timeline, and the 
setting. The battery life of the band, the pump, and the sensor, and the reservoir remaining are 
organized to the system status hidden on the right side of the homepage. The user taps the icon 
at the upper-right corner to check the system status. As Figure-35 shows, the system status is 
shown in both the icons and the text for the user to quickly checking the system information. 
 
From the menu, the user can access the profile page, Figure-37, in which the user views and 
edits personal basic factors as weight, height, target blood glucose, max bolus/basal, insulin 
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sensitivity, etc. In the system setting page, Figure-38, the user can make all of the system 
settings including time/date, alerts, meter calibrating, etc.  
     
          Figure-36. Calendar                       Figure-37. Profile                       Figure-38. Setting 
At the detailed information level, the application provides the patient detailed information in the 
way of a timeline. The user accesses the main timeline by tapping the graphic on the homepage 
or the timeline option in the main menu. At the main timeline page, Figure-39, the upper part of 
the graphic is the same as the homepage, which is the general overview of the patient’s blood 
glucose and insulin delivery time-based graphic. At the bottom of the graphic is the timeline 
constructed by many different tags with specific information of the patient’s activities and status, 
categorized into the history of insulin delivery, BG test, alerts, suspend, and food. All of these 
categories are labeled by different colors. Each tags contains a colored category title and the 
corresponding information. The user scrolls down these tags to go over all the information by 
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time. When the user scrolls down the timeline, the graphic on the top and the red line at the 
bottom stay in their place, and only the timeline scrolls. The red line at the bottom always points 
to one of the tags; meanwhile the red pointer in the top graphic is pointing to the corresponding 
time and activity. Also the user can view the timeline by dragging the red pointer in the graphic 
and the timeline at the bottom would scroll to the corresponding tag. 
       
     Figure-39. Timeline        Figre-40. Insulin Timeline      Figure-41. BG Test Timeline     Figure-42. Alerts Timeline 
       
 Figure-43. Suspend Timeline      Figre-44. Food Timeline       Figure-45. Pop-put menu         Figure-46. Bolus Status 
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From the tags, the user can access the detail information of each tag and specific timeline of 
each category. The user taps the colored category titles to go to the corresponding information 
timeline. The timeline interface of each category as Figure-40 to Figure 44 show are the insulin 
delivery, the BG test, the alerts, the suspend, and the food history. In each category’s timeline, 
the user can interact with the interface in the same way as the main timeline interface. 
Additionally the user also can switch between each category through the drop down menu that 
pops out when tapping the funnel icon at the top right corner. When the user taps the information 
part on the tag, for example when the user taps the text part of the bolus tag, the user will be 
taken to the interface as Figure-46 shows. 
 
In insulin pump therapy, the bolus setting is the most frequent task that the patient does three or 
more times a day. The new insulin pump system gives the user a friendly step-by-step guide for 
bolus delivery. Figure-47 is the interface flow of setting the bolus. The bolus setting is started 
from the app’s homepage located in the upper left corner of Figure-47. The user taps the row of 
bolus to the bolus information interface. In the bolus information interface, the user can check the 
last bolus detail (if no bolus is now delivering) and tap the new bolus icon on the lower left to set 
up the new bolus. Then the app will ask the patient’s current blood glucose level and gives the 
patient the option to input the current blood glucose level: from sensor, from blood test, or input 
manually. If the patient inputs the blood glucose directly it chooses manually. If the patient 
chooses from sensor, the app will connect the sensor to get the blood glucose level. If the patient 
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chooses blood test, the app will connect to the meter and tell the patient to test the blood on the 
meter right now. As soon as the patient completes the test, the blood glucose data will be sent to 
the app for calculating. 
 
Figure-47. Bolus Setting Process 
After inputting the blood glucose, the app will ask the patient if he is going to eat. If not, the app 
will give the suggested bolus delivery as the interface at the lower right corner of Figure-47. If yes, 
the app will ask the patient to input the estimated carbs in the food. At this point, the user can 
input the carbs directly, or go to the food library to calculate the carbs. The interface of the food 
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library is shown in the mid-right of Figure-47. The food library provides the user a food search by 
brands, names, or restaurants from an online database and ranks the food that the patient had 
by frequency. As the current insulin pump monitor, the system can calculate the suggested 
insulin by using the blood glucose level and carbs in the food. As soon as the patient gets the 
suggested insulin delivery amount, the user can check the detail of this result and change it 
according to his needs and then accept it. When the bolus is delivering, the row of bolus on the 
homepage will show the delivery status. The patient can suspend, resume, or cancel this 
delivery.  
 
Figure-48. Basal Setting Process 
The temporary basal setting is also a task the patient sometimes performs. Figure-48 is the 
interface flow of the temporary basal setting. The patient can access the basal detail information 
from the basal row on the homepage, tap the new temporary basal, and then input the amount, 
the start time, and the time period. 
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In summary, this smart phone app interface design follows the information hierarchy discussed in 
Chapter-3. The phone app provides real-time information and quick settings on the homepage, 
and gives the user access to the detailed information and full-functional setting. It improves the 
efficiency of obtaining information and system settings, and it provides a better visual experience 
with beautiful, clear, and understandable diagrams, optimizing the user monitoring experience in 
the insulin pump monitoring system. 
 
5.2.  Prototype testing 
Test overview 
In this new insulin pump system design, the functional prototype of the smart phone app is built 
for user testing. The app prototype has the completed visual design and part of the main 
functions. In the prototype testing, two diabetes patients participated in the testing. 
 
              Figure-49. User Test-1                                    Figure-50. User Test-2 
Participants’ background 
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The two diabetes patients are using different insulin pump systems and are of different ages. 
Figure-49 shows an older male patient using the Medtronic insulin pump monitoring system; 
Figure-50 shows a young female patient using the OmniPod insulin pump monitoring system. 
The test will demonstrate the improvements of insulin pump therapy by comparing the two 
current insulin pump systems. 
 
Test content 
In the prototype test, the patients did not have any training on this new insulin pump system, and 
they used this app for the first time. Both of the patients were given five minutes to get familiar 
with the interface, and then they were asked to complete some specific tasks and to share their 
opinions of their user experience. 
 
The tasks included: 
• Tell me as much information as you can find from the homepage. 
• Please check your profile. 
• Please check your pump’s battery life. 
• Please check your bolus delivery at noon on yesterday.  
• Go check your BG test in the morning from yesterday using the insulin delivery timeline 
page. 
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• Assume you were going to eat a Big Mac meal in McDonald for lunch. Please set up the 
bolus for this meal. 
 
Test result and user feedback 
Both of the participants successfully figured out all of the information on the homepage. They 
liked the homepage because it is clear, easy to read and very convenient, and it includes all the 
brief information they need to check their glucose throughout the day. Both of the participants 
successfully completed the task test, and both recognized the meanings of the icon and were 
able to quickly access the target interfaces. Both of the participants expressed that the app is 
helpful, easy to use and navigate, and designed well,, and that they would like to use this system 
again. The only negative feedback is that the participants were confused about some of the icons’ 
meanings, for example the meaning of the funnel icon gave them hesitation. 
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Chapter-6 Conclusion and Future Study 
The main idea of this thesis is optimizing the user experience in insulin pump therapy by applying 
the attributes of the fitness/wellness monitoring system. It begins with exploring diabetes and 
insulin pump therapy. Then two insulin pump monitoring systems are introduced in Chapter-1 to 
understand how the current insulin pump monitoring system works and the problems with the 
system. In order to solve the problems, the concept of wearable technology is introduced. Then 
after exploring the wearable technology category, the fitness/wellness wearable device was 
selected as an example that could be used to improve the insulin pump therapy user experience. 
The attributes of the fitness/wellness monitoring system were found from the research of two 
current fitness band systems and were used to generate the new insulin pump monitoring 
system model. Eventually a new insulin pump system prototype was designed and built for user 
testing, and the success of the testing helps to prove the new insulin pump system model.  
 
6.1.  Conclusion 
The optimized insulin pump system successfully improved the user experience in insulin pump 
therapy. From the user test in Chapter-5, both of the users gave positive feedback. The smart 
phone interface gives them a revolutionary experience compared to the black/white display on 
the device they were using. First, they have a larger screen to read the information, which is 
better for people who have difficulty reading the small display. In this case, they can get more, 
clearer information. Second, the users were all satisfied with the quick information on the 
	   81	  
homepage. From the research, the information includes current basal, active insulin, current 
blood glucose, and bolus checked by users frequently in one day. Setting bolus and temporary 
basal, checking blood glucose, and blood testing are the tasks the user has to do many times in 
a day. The homepage includes this quick information, making the task convenient for the user to 
simply take out the phone, open the app, and obtain all of the information. Third, the users all 
liked the activities timelines because they have a better and clearer way of checking their therapy 
status. They felt comfortable and secure because they could clearly know and control their 
insulin pump therapy. In summary, the users felt a great improvement in their user experience 
compared to the current insulin pump systems. 
 
Therefore, the success of the user test proves the positive effects of the new insulin pump 
monitoring system model and the information hierarchy model. The improved insulin pump 
monitoring system follows the same architecture model of the fitness/wellness monitoring system. 
By considering attributes of the fitness/wellness monitoring system: the wearability, simple and 
quick interactions, working without annoying, board connection, and information hierarchy, it 
successfully simplifies and rearranges the current insulin pump monitoring system, and provides 
the user with more information in a clear way. Also the information hierarchy model successfully 
guides users in how to classify the information and assign them into different devices or 
interfaces. In summary, the attributes of the current fitness/wellness monitoring system could be 
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used as a tool to be applied into the insulin pump monitoring system to improve the user 
experience in insulin pump therapy. 
 
6.2.  Limitations and future study 
In order to better understand the user needs and to improve the insulin pump therapy experience, 
more patients need to participate in the user research. Different user groups should also be 
considered, for example younger patients versus older patients, male patients versus female 
patients, as well as visually impaired patients. Because of the patients’ privacy, only two patients 
participated in the research in this thesis, which limits the research. Therefore, in the future, it 
would be best to recruit more patients in various age groups, genders, levels of disease, etc. to 
determine different users’ needs. 
 
As a medical device, the insulin pump monitor design should also consider FDA regulations. 
Though this thesis only focuses on the user experience in the insulin pump therapy, the FDA 
regulations may restrict some of the functions in the actual design, which might influence the 
user experience. It is necessary to consider FDA regulations to create a more feasible insulin 
pump monitoring system model and design. 
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The technique issue, for example the functional wristband making, the smart phone app coding, 
restricts the prototype making and testing. A fully completed system needs to be made for more 
conclusive test results in the future. 
 
From the research, the diabetes patients are mostly older persons or people with visual 
impairments. In this case, some of the visual interaction may not work well for them. The patients 
also mentioned that a voice assistant could be useful. The voice assistant such as Siri from 
Apple and Cortana from Microsoft may help this group of patients better manage their insulin 
pump therapy. In the new system design, the voice control icon is designed in the interface, 
providing the possibility of future research of how the voice assistant can improve the user 
experience for this group of people. 
 
 
 
 
 
 
 
 
 
	   84	  
References 
1. Wikipedia: Diabetes Mellitus. (n.d.). Retrieved October 20, 2014, from 
http://en.wikipedia.org/wiki/Diabetes_mellitus 
2. Nordqvist, C. (2010, September 15). Diabetes Mellitus. Retrieved October 20, 2014, from 
http://www.medicalnewstoday.com/info/diabetes/ 
3. Medtronic Inc.. Paradigm 522 and 722 Insulin pump user guide. (n.d.). 
4. Medtronic Inc.. The basic of insulin pump therapy. (n.d.).  
5. Medtronic Inc.. Getting started with continuous glucose monitoring for the MiniMed 530G 
with enlite. (n.d.).  
6. Medtronic Inc.. Getting started with the MiniMed 530G with enlite. (n.d.).  
7. Medtronic Inc.. Getting started with carelink personal software. (n.d.).  
8. Insulet Corporation. Caregiver guide. (2010). 
9. Insulet Corportation. OmniPod insulin management system user guide. (2014). 
10. Insulet Corporation. PDM menu map. (2009). 
11. Insulet Corporation. PDM menu quick guide. (2012). 
12. Fotiadis, D. I., Glaros, C. and Likas, A. 2006. Wearable Medical Devices. Wiley 
Encyclopedia of Biomedical Engineering. .  
13. Wikipedia: Wearable technology. (n.d.). Retrieved: Nov. 10th, 2014, from 
http://en.wikipedia.org/wiki/Wearable_technology 
	   85	  
14. Wikipedia: Wearable Computer. (n.d.). Retrieved: Nov. 10th, 2014, from 
http://en.wikipedia.org/wiki/Wearable_computer.  
15. Mann, Steve (2012): Wearable Computing. In: Soegaard, Mads and Dam, Rikke Friis (eds.). 
"Encyclopedia of Human-Computer Interaction". Aarhus, Denmark: The 
Interaction-Design.org Foundation.  
16. Tehrani, Kiana, and Michael, A. (2014, March 26). “Wearable Technology and Wearable 
Devices: Everything You Need to Know.” Retrieved November 18, from 
http://www.wearabledevices.com/what-is-a-wearable-device/ 
17. Beckham, J. (2012, April 9). Fitness Trackers Use Psychology to Motivate Couch Potatoes. 
Retrieved November. 19, 2014, from 
http://www.wired.com/2012/04/fitness-tracker-psychology/  
18. The next tech war: Wearable gadgets and health. (2014, June 23). Retrieved November 19, 
2014, from http://nypost.com/2014/06/23/the-next-tech-war-wearable-gadgets-and-health/ 
19. Bolluyt, J. (2014, August 29). What Can Wearable Devices Really Do? Retrieved July 19, 
2015, from 
http://www.cheatsheet.com/technology/what-are-wearable-devices-really-capable-of.html/?
a=viewall 
20. Mortensen, P. (2014, May 19). This is How to Build an Interface for Ultimate Smart watch. 
Retrieved December 1, 2014, from 
http://www.wired.com/2014/05/this-is-how-to-build-an-interface-for-the-ultimate-smartwatch/ 
	   86	  
21. Weller, M. (2014, September 13). 10 Top Wearable Technology Design Principles. 
Retrieved July 19, 2015, from 
http://www.designprinciplesftw.com/collections/10-top-wearable-technology-design-principle
s 
22. Wearable Technologies Group and Beecham Research Limited, (2014, February 19). 
Wearable Technology Application Chart. Retrieved February 15, 2015, from 
http://www.beechamresearch.com/download.aspx?id=36 
 
 
 
 
 
 
 
 
 
 
 
 
  
